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PREFACE. 



lu these Tables the azimuths ai"e given from the elevated pole for intervals of 
ten minutes between sunrise and sunset. A rule is g^ven for applying the Tables to 
other celestial bodies, and tables are added giving the azimuth at the times of sunrise 
and sunset 

For altitude less than 60°, and for latitudes between 60° N. and 60° S., inclusive, 
the azimuths computed by Lieut Giacinto Albini, of the ItaUaa Navy, were com- 
pared with those published by the British Admiralty. Where they agreed they were 
accepted as correct; where they differed they were recomputed. The remainder of 
the azimuths were computed and then compared with the corre^onding ones in the 
Italian Tables. Where they differed, they were again computed. A large majority 
of the azimuths contained in this volume depend, therefore, upon the accuracy of two 
out of three independent computers. 

The formula used in computing these time-azimuths was 

Azimuth = A ± B. 

In the accompanying figure let P Z X be the projection of the astronomical 
triangle on the plane of the horizon, with N S as n 

the projection of the meridian, P the elevated 
pole, Z the zenith, and X the position of the 
celestial object observed. In this triangle we 
have given 

P X=^, the polar distance. 
Z P = CO L, the co-latitude. 
Z P X = 9), the hour angle of the body. 

To find P Z X = Z, the azimuth of the body. 

Denote PXZ by X and let J(Z + X) = A 
andi(Z-X) = B. 

Then, by Kapieb's Analogies, we have 

8 

(i) Tan A = cot J tp, sec J (j> + co L) cos J (j) — eo L) 
(2) Tan B = cot J g>, cosec J (p -|- co L) sine J (p — co L), 

from which A and B can be deduced. 
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The azimuths for the moments of rising and setting were computed from 
the formula for finding the azimuth of a celestial body when in the horizon. 

Cosine azimuth=sin d, see L, 

in which d is the declination and L the latitude. 

The 34 tables, from page ii, Part I, to page 8i, Part II, inclusive, were 
computed by Lieut. S. Schboeder, TJ. S. N. The remaining 88 tables, from 
page 81, Part II, to the end of the book, were computed by Master W. H. H. 
80UTHERLAND, TJ. S. N., who also prepared and arranged the entire work for 
publication. 
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DESCRIPTION AND USB OF THE TABLES. 



The Tables give the true bearing of the Sun for intervals of ten minutes between ' 
sunrise and sunset, and are divided into three separate parts. 

The first part consists of a single table, and contains the true bearings corre- 
sponding to Latitude o°. 

The second part consists of tables which contain the true bearings corresponding 
to each degree of latitude between i° and 6i°, inclusive, when the latitude and decli- 
nation are of the same name. 

The third part consists of tables which contain the true bearings correspondiug 
to each degree of latitude between i° and 6i°, inclusive, when the latitude and decli- 
nation are of different names. 

The ai^uments to which the bearings correspond are the latitude, the declination, 
and the local apparent time. They are placed in each table so that at the intersection 
of the horizontal column from the given hour with the vertical column under the given 
decimation will be found the required true bearing. This is ^ven from the elevated 
pole, i. e., from the north pole in north latitude, and from the south pole in south lati- 
tndii; and is reckoned from o° to i8o° towards the east or west as the Sun is either 
east or west of the meridian; or, in other words, as the time is either A. M. or P. M. 
A rule for marking the bearings is given at the bottom of each page. 

On each page, at the top of each column of bearings, are given the four days of 
the year upon which the Sun's declination corresponds approximately with the decli- 
nation given for that particular column of bearings. By this means, whenever the 
true bearing may be required only to the nearest degree of declination, as is generally 
the case in practice at sea, the observer may use the nearest day instead of the decli- 
nation, and thereby be spared the use of the Nautical Almanac. 

Under tlie columns of true bearings in each table will be found an extra table 
giving the times of sunrise and sunset, and the corresponding azimuths. 

In the main tables the true bearings are given to the nearest minute of arc. 

Those for the moments of rising and setting are given for the instant that the Sun's 
center is in the horizon. From the effect of refraction, which elevates the Sun's 
center about 33' above the horizon at rising and setting, it will be necessary to observe 
its bearing when its lower limb is about 16', or a semi-diameter above the horizon. 
The times of sunrise and sunset are given only to the nearest minute. 

The principal object of these tables is to furnish the elements for finding the 
deviation of the compass. The difference between the true and compass bearings is 
the total error of the compass, i. «., the combined amount of the variation at the place» 
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together with the deviation of the compaae on that point which denotes the direction 
of the ship's head at the time of observation. The correct variation will be found from 
the charts. The difference between this and the total error of the compass will be the 
deviation for that point of the compass to which the ship is heading at the time of 
observation. 



TO FIND THE DEVIATION OF THE COHPASS FROM BEARINGS OF THE SUN. 

Rule. — Observe a bearing of the Sun hy compass. At the same instant note the 
apparent time, and also the direction of the ship's head (by the same compass). With 
this apparent time, the latitude of the place, and either the Sun's declination or the 
day of the month, enter the proper table and pick out the corresponding true bearing. 
Correct this for the variation, and the result will be the Sun's magnetic bearing. 

The difference between the observed and ma^etic bearings will be the deviation 
of the compass on that point to which the ship was heading at the time of observation, 
and will be marked either east or west, according as the mt^uetic bearing is either to 
the right or left of the compass bearing. 

Example I. 

Ou June I, 1902, in Latitude 45° N., Longitude 50'^ W., at 4.30 P. M. (apparent 
time), the ship then heading west, the Sun bore by compass N. 56° 15' W. Required, 
the deviation. 



Sun's true bearing, from Tables - - - N. 89 04 W". 
Variation ---------- 2815W. 

Sun's magnetic bearing - - - - - - N. 60 49 W. 

Sun's bearing by compass - - - - - N. 56 15 W. 

Deviation of the compass ----- 4 34 W. 

with the ship heading west. 

In this example, we first entered the table of 45^ in Part 11 — latitude and decli- 
nation of same name — in a line with 4** 30" of the column marked "Apparent Time, 
P. M.," and under either the declination, 22°, or the date, June i, and found the 
Sun's true bearing. The note at the bottom of the page shows that this is to be 
marked N. 89° 04' W. Applying the variation gives the Sun's magnetic bearing. 
The difference between this and the compass bearing is the deviation of the compass 
with the ship heading west, and it is marked W. because the magnetic bearing is to 
the left of the compass bearing. 
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Example II. 

On February 9, 1902, in I^atitude 42° N., Longitude 50° W., at 9.40 A. M. 
(apparent time) , the ship then heading N. by W., the Sun's bearing by compass 
wasN. 138" 45' E. Required, the deviation. 

Sun's true bearing, from Tables N. 142 29 E. 

Variation 24 40 W. 

Sun's magnetic bearing N. 167 09 E. 

Sun's bearing by compass N. 138 45 E. 

Deviation 28 24 E. 

with the ship heading N. by W. 

In this case the table is found in Part III — latitude and declination of dif- 
ferent names — and the time is found in the column marked "Apparent Time, 
A. M." The deviation is E. because the magnetic bearing is to the right of the 
compass bearing. 

If greater accuracy is required in the true bearing, find the declination from 
the Nautical Almanac and interpolate for intermediate minutes of latitude, 
declination, and apparent time. 

USE OF THE TABLES FOR FINDING THE AZIMUTHS OF THE MOON, STARS, AND PLANETS. 

These Azimuth Tables can also be used for finding the true bearings of the 

Moon, Stars, and Planets, when the declination ranges between 23° N. and 23° S. 

The hour angles of these bodies must be used in place of the apparent times. 

TO FIND THE HOUR ANGLE OF THE MOON, STARS. OR PLANETS. 

KuLE. — To the apparent Sun's right ascension add the apparent time, ex- 
pressed astronomically. The sum will be the right ascension of the meridian. 
From this sum subtract the right ascension of the body observed, and the result 
will be the required houi* angle. 

With this hour angle enter the P. M. column of the Tables. 

Example. 

On May 31, 1882, in Latitude 50° N., Longitude 45" W., at 11'' 36° P. M. 
(apparent time), the ship then heading W. N. W., Spica {a Vii^nis) bore by 
compass N. 93" 15' W. Required, the deviation. 

h. m. 

Apparent Sun's right ascension 4 33 

Apparent time n 36 

Right ascension of meridian 16 09 

Star's right ascension : 13 ig 

Star's hour angle 2 50 

Digitized by VjOOQIC 
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Entering the Table of 50° in Part III — latitude and declination of different 
names — with the hour angle of a"" 50° in the P. M. column, and declination 10° 33', 
we find- 
Star's true bearing, from Tables N. 135 22 W. 

Variation 35 30 W. 



Star's magnetic bearing N. 99 52 W. 

Star's compass bearing N. 93 15 W. 

Deviation 6 37 W. 

with ship heading W. N. W. 

The following is a table of Stars of the first and second magnitudes, the 
declinations of which are between 23° N. and 23° S. 

The functions given are for January, 1882, but they can be used for many 
years to come by simply applying the annual variation. 



fi Ceti 

■ Tauri (AldeUnD 
fi OHodi((R<scl) .. 



■ UoDiifRcBuliu) . 



■ Vlrg^tils(Spica).... 

fi Lib™ 

H'Scort^l .... 

■ Opbliiehi 

■ AqollcfAlUli)... 

■ E>egiBl(UBrkab)... 



B 5fi 488. 
19 »8 SJ8, 
U 38 49 N. 



These Tables can be practically applied to the plotting of the line of position 
in Sdhneb's Method. 

With an assumed latitude find the corresponding longitude. Through the 
point so determined draw a line at right angles to the Sun's true bearing, as 
found in these Tables. This line will be the required line of position. 
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PART I 
LATITUDE O" 

DECLINATION EITHER NORTH OR SOUTH 
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PART 11. 
LATITUDE FROM 1° TO 61° INCLUSIVE. 

LATITUDE AND DECLINATION OF THE SAME NAME. 
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TRUE BEARING OR AZIMUTH. 
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